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ABSTRACT
Oxygen consumption, an index of metabolic rate, was 
measured in White-footed mice (Peromvscus leucoous 
noveboracensis) from laboratory populations.
Reproductively inhibited females from laboratory 
populations were paired with proven males to see if they 
would reproduce within 42 days. Measurements were taken 
on body weights and reproductive organs. Ovarian 
histology was examined. All data from population animals 
and experimental animals were compared to values from 
reproductively capable animals reared in nestboxes.
Data showed variable daily patterns in metabolic 
rates. Reproductively inhibited females from laboratory 
populations exhibited higher metabolic rates than proven 
females. The same reproductively inhibited females 
following 6 days of pairing with a proven male had 
metabolic rates not significantly different from proven 
females. The metabolic rates of population males did not 
differ significantly from proven males. Population 
inhibited females had significantly smaller reproductive 
organs than their proven counterparts. Paired females 
not producing young had reproductive organ weights 
intermediate between those of inhibited and proven 
females. Reproductive organs of population males with 
scrotal testes did not differ significantly from those of 
proven males. Population males with non-scrotal testes 
had significantly reduced reproductive organ weights when 
compared to proven males. Analysis of ovarian histology 
revealed various states of reproductive recovery in 
paired females, evidence of ovulation in some 
reproductively inhibited females, and a large number of 
corpora lutea in proven females.
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REPRODUCTIVE AND METABOLIC CHARACTERISTICS IN PEROMYSCUS 
LEUCOPUS NOVEBORACENSIS FROM LABORATORY POPULATIONS AND 
FEMALES DURING RELEASE FROM REPRODUCTIVE INHIBITION
INTRODUCTION
McNab (1980), using the oxygen consumption data
available for small mammals demonstrated a positive 
correlation between basal metabolic rate and the maximal 
intrinsic rate of growth rm for a species. Kleiber (1961) 
emphasized body size as the most important factor governing 
basal metabolic rate and specified the relationship as BMR = 
constant(body mass0,75). McNab (1980) suggested that the 
metabolic rate of a species is not only dependent on body
size, but is also dependent on food availability and
quality, and that these factors consequently influence 
reproduction. Variations in metabolic rate affect
reproduction by influencing gestation time (Kihlstrom,
1972), litter size (Asdell, 1964), and postnatal growth 
(Sanderson, 1949); all these factors determine the intrinsic 
rate.of growth for a species.
From the metabolic data mentioned above, McNab (1980) 
showed that basal metabolic rate was positively correlated 
with variations in population densities between species. 
Among small mammals there are varying degrees of fluctuation 
in the density of natural populations. Lemmings are 
reknowned for high fluctuations in population density 
(Elton, 1942? Curry-Lindahl, 1962? Christian, 1971? Krebs
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rates than expected by the Kleiber equation (Scholander et 
al. , 1950). Similarly, Microtus show large variations in
population density (Elton, 1942; Louch, 1958; Christian, 
1971; Krebs et al. , 1973) and have a high metabolic rate
(Pearson, 1947; Wiegert, 1961; Packard, 1968). In contrast 
members of the genus Peromvscus have a lower level of 
population density fluctuation over time than lemmings and 
voles (Terman, 1966, 1968; McNab, 1980); they also have a
lower rate of metabolism (Pearson, 1947, Morrison, 1948; 
Deavers and Hudson, 1981).
Terman (1966) has reported that Peromvscus maniculatus 
and Peromvscus leucoous in nature regulate their population 
densities well below the carrying capacity for their 
environment. Laboratory populations of these species under 
conditions of excess food and water have been shown to cease 
net reproduction (Terman, 1965, 1969). Population growth
ceases at widely different numerical levels indicating that 
control is density related but not density dependent 
(Terman, 1987; Wolfe, 1981). Mechanisms for curtailment of 
population growth are either by cessation of reproduction or 
by failure of young to survive (Terman, 1965, 1969, 1987).
Regardless of the type of population control, in Peromvscus 
maniculatus less than 10% of females born into populations 
and achieving at least 100 days of age reproduce (Terman, 
1965, 1969, 1973b). Ransone (1988) found that more than 94% 
of females born into growing populations of P. leucopus were 
reproduct ively inhibited at 70 days of age as judged by
external criteria. In contrast, Wolfe (1981) found that in 
asymptotic populations of P. leucopus 54% of female 
offspring reaching at least 150 days of age failed to 
reproduce.
Males of these two species have shown different degrees 
of inhibition. In Peromvscus maniculatus. male population 
offspring had significantly smaller testes and seminal 
vesicles (P < 0.001) than males maintained in bisexual pairs
(Terman, 1969). In P. leucopus, population male offspring
exhibited only slightly smaller (P < 0.10) testes and
seminal vesicle weights than control males (Wolfe, 1981).
Reproductive inhibition in Peromvscus is not permanent. 
Terman (1973a) showed that in P. maniculatus 52% of 
previously nulliparous females from populations with a mean 
age of 318 days of age (range of 128-645 days) produced
litters within 40 days of pairing with a proven male. P. 
maniculatus population males also showed a similar rate of 
recovery when paired with a proven female (1973a). A recent 
experiment with older animals (age range of 560-900 days) 
from an asymptotic population showed 65% recovery following 
30 days of pairing with a proven mate (Terman, 1987). Prior 
to this present study similar experiments have not been
performed for non-reproducing animals from laboratory 
populations of P. leucopus.
Physiological and behavioral mechanisms have been 
proposed for the reproductive inhibition observed in natural 
and laboratory populations, although no one mechanism has
been confirmed (Terman, 1987). Christian (1971, 1978) has 
proposed that social interactions associated with increased 
population density control reproduction via a pituitary- 
adrenal-gonadal endocrine stress response. There is some 
evidence to support this in animals from populations of P. 
maniculatus. Serum corticosterone concentrations were found 
to be significantly higher in laboratory population animals 
of P. maniculatus when compared with controls (Sung et al., 
1977; Bradley and Terman, 1981). Ransone (1988) found a 
significantly higher serum corticosterone concentration in 
70 day old reproductively inhibited males from populations 
of P. leucopus when compared with age matched controls, but 
no significant difference between population and control 
females.
There is also evidence of a role for hypothyroidism in 
reproductive inhibition. Inhibited animals from populations 
of P. maniculatus have shown reduced mean serum thyroxine 
concentrations (Peebles et al. , 1984; Pitman and Bradley,
1984). Peden (1988) showed reduced free serum thyroxine 
concentrations in 70 day old animals from populations of P. 
leucopus.
Glucocorticoids and thyroid hormones play a role in the 
turnover rate of protein and calorigenesis and thus affect 
overall metabolism. Thyroid hormone concentration has been 
found to be sensitive to the quantity and quality of food 
ingested (Earles, 1988). Reduction in food intake, as 
demonstrated by Cronin and Bradley (1988) for P. maniculatus
population animals, could influence thyroid hormone levels 
and thus reproduction. Similarly, a drop in thyroid hormone 
levels could cause a reduction in food intake. Because one
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of the major roles of thyroid hormones is their effect on 
oxygen consumption, using oxygen consumption to obtain a 
metabolic profile of population animals may give further 
insight into the physiological mechanisms of population 
control.
The objective of this study was to describe the active 
metabolic rate of Peromvscus leucopus from laboratory 
populations and proven animals. Secondly, this study sought 
to determine if reproductively inhibited females from 
asymptotic populations when paired with proven males would 
reproduce, and to assess the metabolic status of each female 
at intervals during the time paired. Gravimetric analysis 
of selected reproductive organs, vaginal smearing, and 
ovarian histology were performed to further evaluate 
reproductive condition. Finally, this study aimed to give 
further insight into the nature of reproductive control in 
laboratory populations of Peromvscus leucopus.
MATERIALS AND METHODS
Study Animals
The animals used in this study were White-footed mice 
(Peromvscus leucopus noveboracensis) derived from an outbred 
colony. Animals used to begin populations were initially 
maintained by Peden (1988) and Ransone (1988) according to 
the procedure below. Prior to the beginning of this study 
wild animals trapped from local populations were mated with 
animals from an already existing laboratory colony to 
increase genetic heterogeneity. Colony animals were housed 
in opaque plastic, two-chambered animal cages (12.8 X 27.8 X 
14.5 cm) with wire top. Animal cages were filled with pine 
shavings 2-3 cm deep to serve as bedding. Food (Prolab Rat, 
Mouse, Hamster 3000, Agway, Inc., Syracuse, NY) and tap 
water were provided ad libitum. All animals used in this 
study were maintained in a 14:10 bright light/dark cycle. 
The light period was supplied by four 40 W fluorescent tubes 
during the period between 0700 and 2100 hours EST. The 
bedding of the animals was changed at two week intervals and 
female animals were inspected at this time for pregnancy. 
Pregnant animals were then checked daily for subsequent 
births.
Young from these pairs were weaned at twenty-one days 
of age and placed together in animal cages with same-sex 
siblings. When these FI animals reached 6 0 + 3  days of age
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they were paired with opposite sex FI animals lacking common 
ancestors for three previous generations. These pairs were 
classified as reproductively functional or "proven" when the 
female showed obvious pregnancy or had produced one litter. 
Nine of these reproductively proven pairs were used to start 
the three populations in this study.
Population Animals
Three populations were founded, each using three of the 
reproductively proven FI pairs. Prior to population 
founding the females were separated from their partners to 
avoid possible insemination during the post-partum estrus. 
Litters were removed from their mothers prior to population 
founding. Females pregnant upon founding of the population 
had their first litters removed to avoid any effects of 
differences in prenatal environment between pups conceived 
outside and within the population.
Population enclosures consisted of a 1.5 m diameter 
circular stainless steel base with aluminum siding 68 cm or 
higher lining its perimeter. The floor of the enclosure was 
covered with clean, dry pine shavings to a depth of 
approximately 4 cm and eight 0.90 liter plastic containers 
were arranged concentrically within the enclosure to serve 
as nestboxes. The number of nestboxes was later reduced to 
six per population.
Inspections of population animals were performed at 
approximately two week intervals with the longest interval 
between inspections being 46 days on one occasion.
Population checks involved gathering all animals of a 
population and identifying each by its toe-clip. Following 
identification, assessment of its reproductive condition was 
made. Records were made of whether the females were 
obviously pregnant, showed well-developed nipples indicating 
lactation, and for vaginal perforation. Males were assessed 
for either possessing scrotal or non-scrotal testis. 
Notations of injuries and deaths were also made. Births 
that occurred in the interval between checks were noted and
the age of surviving young was estimated on the day of the
check. Young animals were toe-clipped on the first 
inspection when they were no longer apparently nursing. 
Three animals were sampled from population 7 for an
unrelated study one year prior to the beginning of this 
study.
Selection of experimental animals from populations
Records of populations were reviewed to select a common 
time interval between the three populations during which 
many births had occurred in order to select animals of
similar age. Older animals were selected because one 
population had no births for 304 days prior to the onset of 
this study. All males that were greater than 260 days and 
had never exhibited scrotal testes were selected first; 
because these animals were few, males with scrotal testes 
were also selected.
Nine population females were originally selected which 
had never shown external evidence of vaginal perforation,
pregnancy, or well-developed nipples. Prior to treatment, 
(time zero) these females represented reproductively 
inhibited population females. These same females were 
later used to form an experimental group which were removed 
from the population and paired with proven males. The 
number of experimental females was later reduced to seven 
due to the death of one female and the death of another
female's proven partner.
Proven animals
Offspring of FI generation animals maintained in the 
colony were used to form nine bisexual pairs which were
placed in animal cages and allowed to reproduce. Females
from these pairs had been handled controls for a study which 
ended at least six months prior to this study on the effects 
of handling during vaginal smearing. The pair was 
classified as reproductively proven when the female produced 
at least one litter. Young were removed, and the female 
was separated from the male until the time of metabolic 
measurement approximately five months later. The proven 
males were also used as partners for experimental females 
until the female was sacrificed, and then they were
maintained alone until the time of metabolic measurement.
Metabolic Measurement
Metabolic measurements were made on animals placed in a 
polycarbonate standard rat chamber (33 X 19 X 20.3 cm) using 
the Columbus Instruments Oxymax B-l System. The gas
fractions of oxygen and carbon dioxide were measured via 
sensors in a constant known flow of dried air. The 02
sensor consisted of a diffusion limited metal-air battery 
and the C02 sensor was composed of an infrared non- 
dispersive spectrometer. Calibration of these sensors were 
made prior to each animal measurement using gas standards 
except on the dates of June 28-July 3 when calibration gas 
was not available. The differences in the gas fractions at 
the inlet and outlet ports to the chamber were used to
compute oxygen consumption and carbon dioxide production. 
Chamber temperature was measured by a temperature probe. 
Samples of metabolic rates (at STP) were recorded in ml 
02/Kg/hr every ten minutes on a 3.5 inch disk by an IBM 
Personal System 2 Model 30 computer. The metabolic chamber 
was surrounded by a insulating styrofoam box (55 X 41 X 36
cm) with a 3 cm opening around the top and an 8 x 40 cm
opening at the bottom which permitted approximately 32 foot- 
candles of light within. This structure was used to prevent 
chamber temperature changes due to air drafts and to 
minimize disturbances to the animal which might be caused by 
the presence of the experimenter. The entire apparatus was 
kept in a constant environment room at a temperature of 23 + 
1.0 °C.
One day prior to each animal's first metabolic 
measurement, the animal was transported by car during the 
light period from the Laboratory of Endocrinology and 
Population Ecology to Millington Hall (1.8 miles). First,
population animals were removed from the population 
enclosure, identified, and placed in a cage with some of the 
bedding from the population and fresh food and water. 
Proven females were switched to fresh bedding and proven 
males were maintained on their current bedding. Animals 
were then kept in the constant environment room with the 
same light/dark cycle and allowed to settle overnight. The 
following day between 0900 and 1030 hours EST, following a 
visual inspection of reproductive condition, the animal was 
weighed to the nearest 0.1 gram on a Sartorious type 1474 
electronic scale and placed with its bedding into the 
standard rat chamber. Food and tap water were provided ad 
libitum. Metabolic measurements commenced no later than 
103 Oh EST and continued to approximately 0900h EST the 
following day. The first metabolic measurement for all 
animals was denoted as time zero (TO). At the completion of 
the metabolic measurement the animal was removed from the 
chamber and returned to its cage. Experimental females were 
returned to the population the same day the first 
measurement was completed. The standard rat chamber and its 
contents were washed thoroughly between measurements of 
different animals.
Each experimental female was again removed from the 
population five days following its initial metabolic 
measurement and paired with a reproductively proven male. 
The pair was placed in a clean cage with fresh water, food, 
and bedding. The pair was transported to Millington Hall
and was housed in the constant environment room for the 
duration of the experiment. On the sixth day (Tl) after 
pairing (eleven days after time zero) each female's 
metabolic rate was measured and subsequent measurements were 
made on days 11, 16, 21, 26, 31, 36, and 41 (denoted T2, T3, 
T4, T5, T6, T7, and T8) following pairing. On the day the 
final measurement was completed the female was sacrificed 
according to the tissue collection procedure below.
Proven females were transported to Millington Hall and 
remained there for the duration of their measurements. 
After one night in the environmental room each was measured 
(TO) and three subsequent measurements were made at five day 
intervals (denoted Tl, T2, and T3). Females were sacrificed 
on the day the final measurement was completed and tissues 
collected.
Population and proven males were similarly transported 
to Millington Hall and allowed to settle over night in the 
constant environment room. Upon completion of the initial 
metabolic measurement proven animals were sacrificed and 
population males were returned to their populations until 
all animals selected from that population had been sampled*
Tissue collection
All sacrificing of animals occurred between 153 0 and 
1730h EST (after Pitman et al., 1984; Peden, 1988). Animals 
were either removed from their animal cage or captured from 
their population and anesthetized using diethyl ether. 
Immediately following, a ventral abdominal incision was made
and the renal artery was cut near the dorsal aorta. Blood
that pooled in the abdominal cavity was withdrawn using a 
sterile 1 ml plastic syringe without needle for possible
thyroid hormone analysis (hot reported here). A portion of
the trachea with the thyroid attached was removed for a 
histological study (not reported here), vaginal smears 
(lavage method) were taken from experimental and proven 
females, and then the body was weighed to the nearest 0.01 g 
using either an Ohaus (Floram Park, NJ) Dial-O-Gram 2610g 
balance or a Sartorius type 1474 electronic scale. Some
animals had their adrenals removed following body weight 
measurements. The bodies were then placed in a 10% buffered 
formalin solution.
After at least 72 hours in the formalin solution 
reproductive organs were removed from the body, cleaned of 
fat, and weighed to the nearest 0.1 mg on a Fisher 
Scientific Series XA electronic analytical balance. Uterine 
horns were examined for evidence of scars of pregnancy and 
comments about the appearance of ovarian follicles of proven 
and experimental females were made.
Histology
The ovaries of females used for histological study were 
transferred to a phosphate buffer solution. Ovaries were 
embedded in Historesin (LBK-Produkter AB, Sweden) and 
serial sectioned at 5-8 urn. Sections were stained with 
toluidine blue and ovaries were microscopically examined. 
The total number of type 6 or larger follicles (Pederson and
Peters, 1968) and corpora lutea were counted for both 
ovaries of each mouse. Follicles approximately 5-60 um in 
diameter and having differently stained, misshaped nuclei 
were designated as "degenerating" follicles and recorded 
also. The ovaries of experimental females delivering
litters were not examined, since production of a litter was 
considered evidence of reproductive recovery. The ovaries 
of one experimental female could not be scored due to 
histological reasons.
Statistical analysis
Ages, body weights, and reproductive organs were 
compared by one-way analysis of variance. If variances were 
significantly heterogeneous between two or more treatment 
groups for any characteristic then the nonparametric Mann- 
Whitney U test was used for comparisons. Nonparametric 
comparisons via the Mann-Whitney U tests were performed on 
all female gravimetric data due to the variability in female 
reproductive conditions in the experimental group (one 
lactating and 3 days pregnant versus 2 with past pregnancy 
and 4 with no past or current pregnancy) . The weights of 
the pregnant female were within the range of other 
experimental animals so she was included in the group for 
comparisons. The number of type 6, 7, and 8 follicles,
corpora lutea, and "degenerating" follicles were compared 
using the Mann-Whitney U test. Statistical comparisons
were performed using the SPSSX or Minitab statistical 
program packages. A probability of less than 0.05 was
considered significant in all cases. Values are reported as 
mean + SEM.
Oxygen consumption data is reported in ml (^/Kg/hr. 
Only the oxygen data from between the hours of 13 00 and 
0900h were used for comparison; this allowed a two and one- 
half hour period for the animal to recover from the 
disturbance prior to this time and included 10 hours of 
light and 10 hours of darkness. Upon visual inspection of 
graphed data (Appendix 1) differences were noted in daily 
cycles between animals. This made averaging metabolic rates 
of different animals for similar time intervals an 
inappropriate measure of central tendency. To overcome the 
differences in variability between cycles the data were 
sorted by magnitude from highest to lowest rates. For each 
animal, the data above the median value for each daily run 
was averaged as an index of high metabolic rate (HMR) and 
the data below the median was averaged as an index of low 
metabolic rate (LMR) for each animal. Lotus 1-2-3 was used 
to edit the data in order to adjust oxygen consumption 
values to the nearest 0.1 gram of body weight and also for 
calculations of averages and standard errors of the means. 
Nonparametric comparisons of these averages were made using 
the Mann-Whitney U test. Daily data which lacked more than 
1 hour of measurements (due to power failure) were not 
included in comparisons, nor were data included when 
equipment failure was suspected. Spearman's correlation 
coefficients were used where mentioned. Daily 20 hour
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totals not adjusted for weight were calculated from all 
female metabolic data.
RESULTS
Gravimetric results between treatments
Proven males and population males with scrotal testes 
did not differ significantly in body weights, testis 
weights, or seminal vesicle weights (Table 1). Body weights 
of population males with non-scrotal testes did differ 
significantly (P < 0.05) from population males with scrotal 
testes but did not differ significantly from proven males. 
The paired testis weights of population males with non- 
scrotal testes were significantly (P < 0.001) lighter than 
both proven males and population males with scrotal testes. 
Seminal vesicle weights in the non-scrotal males were also 
significantly (P < 0.05) lighter than proven males and
population males with scrotal testes.
Proven females, population females, and experimental 
females did not differ significantly in body weights at the 
time of sacrifice (Table 2.) Body weights of' proven and 
experimental females did not differ significantly at time 
zero, (23.6 + 1.89g) versus (20.9 + 1.18g), respectively
(See Figures 1 and 2 for body weights made prior to 
metabolic measurements). Paired ovary weights of 
experimental females were significantly (P < 0.05) lighter 
than proven females. The ovary weights of population 
females were significantly lighter than proven females (P < 
0.001) and experimental females (P < 0.05). Uterus weights
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of experimental females were not significantly different 
from proven females. Uterine weights of population females 
were significantly lighter than proven females (P < 0.001) 
and experimental females (P < 0.01).
Vaginal smears and female reproductive status
Vaginal smears at time of sacrifice revealed five 
experimental females to be in proestrus and one in metestrus 
(cell types in Appendix 3) . One experimental female was 
pregnant and had delivered one litter. A second
experimental female had delivered one litter, and a third 
showed evidence of past pregnancy during treatment, but no 
evidence of delivery. The remaining four females showed no 
evidence of pregnancy during treatment. Of the proven
females, 4 were in diestrus, 2 in metestrus, 1 in proestrus,
and one in estrus at time of sacrifice.
Ovarian histology
The number of type 6 follicles was not significantly 
different between proven and experimental females, nor 
between experimental and population females. The number of 
type 6 follicles was significantly (P < 0.05) greater in 
proven females than in population females (Table 3) . No 
significant differences were observed for type 7 or type 8 
follicles between any treatment groups. The number of
corpora lutea was significantly greater in proven females 
than in population (P < 0.001) and experimental (P < 0.05) 
females. Experimental females had a significantly
(P < 0.01) greater number of corpora lutea than population 
females. The number of "degenerating" follicles was 
significantly (P < 0.05) greater in proven females than
population females. The number of "degenerating" follicles 
in experimental females was not significantly different from 
neither proven nor population females.
Metabolic rate
See Figure 3 for average sorted oxygen consumption 
data for the 120 daily samples of proven and population 
males. The HMR averages for proven males and population 
males were not significantly different (Table 4) . The LMR 
averages for proven and population males were also not 
significantly different.
See Figures 4 and 5 for average sorted oxygen 
consumption data for the 120 daily samples of proven and 
experimental females for TO and Tl. At TO experimental 
females had a significantly (P < 0.05) higher HMR average 
(5322 + 388ml 02/Kg/hr) than proven females (4160 + 456ml 
02/Kg/hr) (Tables 5 and 6) . Similarly, at TO experimental 
females had a significantly (P < 0.01) higher LMR average 
(3553 + 192ml 02/Kg/hr) than proven females (2821 ± 129ml 
02/Kg/hr). At Tl the high oxygen consumption averages for 
proven (4196 + 422ml 02/Kg/hr) and experimental (4352 ±
240ml 02/Kg/hr) groups were not significantly different.
Similarly, the low oxygen consumption averages for Tl for 
proven (2831 ± 123ml 02/Kg/hr) and experimental (2953 +
186ml 02/Kg/hr) females were not significantly different.
The high and low oxygen consumption averages for 
experimental females when compared between TO and Tl were 
significantly different (P < 0.05). The high and low
oxygen consumption averages for proven females when compared 
between TO and Tl were not significantly different. At T8, 
HMR (4570 ± 231ml 02/Kg/hr) and LMR (2998 ± 136ml 02/Kg/hr) 
averages were not significantly different from Tl high and 
low averages, respectively, for experimental females.
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Figure 1. Proven female body weights
T 0-T 3
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DISCUSSION
Population growth
The three laboratory populations of Peromvscus leucopus 
in this study had reached the 15 week criterion for growth 
asymptote established by Terman (1969). The populations 
reached asymptote at various numerical levels; on the day of 
sacrifice, the number of animals in population 3 was 14, in 
population 7 was 11, and population 8 was 29 (includes 
females removed for the experimental group). The primary 
method of growth control in all populations was by 
cessation of reproduction, however, populations 3 and 8 were 
also controlled by mortality of young. Of the female 
offspring present at the time of sacrifice, 23 of 32 (71.9%) 
were nonparous. Those populations that also controlled by 
mortality of young had, combined, 15 of 24 (62.5%)
nonparous females. The one population which had ceased 
reproduction had 8 of 8 (100%) nonparous females. These
values differ from the 90% overall nonparous figure 
reported by Terman (1965, 1973b) for population offspring of 
P. maniculatus. This also differs from the 97.4% reported 
by Ransone (1988) for 70 day old female offspring in growing 
populations of P. leucopus judged to be reproductively 
inhibited by external criteria (the 3 populations in this 
study originated among the 10 populations used in that 
study). The total number of nonparous offspring seen in
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this study is intermediate between that reported by Ransone 
(1988) and the 54% value of nonparous offspring reported by 
Wolfe (1981) for asymptotic P. leucopus populations founded 
with a combination of wild-caught and colony animals. Only 
4 offspring in this study (2 animals each in populations 3 
and 8) were parous while the populations were still growing. 
Wolfe (1981) reported no pregnancies in female offspring 
during the growth phase in P. leucopus populations. This 
observation suggests that a behavioral and/or physiological 
change that was associated with asymptote stimulated female 
offspring to reproduce in these populations. Possdbly more 
important is the fact that reproductive recovery of 
offspring females in populations 3 and 8 occurred within a 
few weeks following the death of a reproducing founding 
female in each population.
A check of the reproductive status records of males 
born into the three populations and exceeding 150 days of 
age, revealed that all but 2 developed scrotal testes. Both 
of the reproductively inhibited males were from population 7 
which had ceased reproduction and had no other males 
present. This observation is in sharp contrast with the 90% 
inhibition rate seen in population male offspring of P. 
maniculatus at various ages exceeding 90 days (Terman, 1965, 
1969, 1973, 1979; Bradley and Terman, 1981c). This suggests 
that the mechanism of population control in P. leucopus is 
primarily achieved by cessation of reproduction in females, 
and that male offspring are not as physiologically inhibited
as those population male offspring of P. maniculatus. Also, 
the inhibition rate in male population offspring of P. 
leucopus in this study (as judged by possession of non- 
scrotal testes) was much lower than the 87.9% reported by 
Ransone (1988) for 70 day old males. In fact, in this 
study, much of the reproductive maturation of P. leucopus 
population males occurred between 70 and 150 days of age, 
suggesting that reproductive maturation in most population 
males was delayed.
Comparisons of body and reproductive organ weights
Body weights of population females were not 
significantly different from experimental or proven females. 
Previously reported body weight data for reproductively 
inhibited population females of Peromvscus have not been 
consistent. Ransone (1988) showed no significant
differences between nonparous females 70 days of age and 
nonparous controls. Peden (1988), sampling from the same 
populations of P. leucopus as Ransone, found a significantly 
(P < 0.001) lower average body weight in 70 day old
nonparous population females than nonparous controls. It is 
important to note that the body weight differences between 
the studies of Peden and Ransone were in the weights of the 
control groups, while inhibited females did not differ 
significantly in body weights, (16.4 + 1.55mg) and (16.6 + 
0.68mg), respectively. Body weights of population females 
in this study, were heavier than the 70 day old females in 
those studies, suggesting that 70 day old females may have
not yet achieved a stable adult weight. Wolfe (1981) found 
P. leucopus nonparous population offspring exceeding 150 
days of age had significantly heavier (P < 0.01) body
weights than those of nonparous females maintained in 
bisexual pairs; however, the sample size was only 3 for each 
group and may not have been representative of population 
animals. Several studies have found significantly lower 
body weights in population inhibited females of P. 
maniculatus when compared with nonparous controls at 
various ages exceeding 90 days of age (Albertson et al. , 
1975? Bradley and Terman, 1981c? Pitman and Bradley, 1984) 
or proven controls 137 to 154 days of age (Cronin and 
Bradley, 1988) . However, other studies have shown no 
significant difference in the body weights of population 
nonparous females and nonparous controls in P. maniculatus 
(Terman, 1969? Bradley and Terman, 1981a) or proven controls 
(Terman, 1987), both at various ages exceeding 90 days. The 
conflicting reports of differences in female body weights 
may be due to differences in sample sizes used, intrinsic 
differences between populations (Terman, 1987), or to 
differing levels of reproductive inhibition which may occur 
between population animals.
Proven males and population males with scrotal testes 
were not significantly different in their body weights. 
Wolfe (1981) also found no significant differences between 
population male offspring and males maintained in bisexual 
pairs? however, the sample size for population males was
only 3, and information was not given as to whether all 
possessed scrotal testes or if control males were proven or 
nonproven. The body weights of population males with non- 
scrotal testes were significantly different from population 
males with scrotal testes, but not different from proven 
males. The statistical significance may be influenced by 
sample size, since only two inhibited males were available 
for comparison. Ransone (1988) and Peden (1988) both showed 
significantly reduced body weights in 70 day old P. 
leucopus population males when compared to controls. 
Population inhibited males of P. maniculatus have shown more 
consistently a significant lower body weight when compared 
with controls 120 to 154 days of age (Bradley and Terman, 
1981a, b, c; Cronin and Bradley, 1988). Yet, some studies 
of have revealed no significant difference in P. maniculatus 
population males and proven controls ranging from 90 to 514 
days of age (Terman, 1969? Terman, 1987).
Even though the body weights of nonparous population 
females in this study were heavier than those found by 
Ransone (1988) for 70 day old population inhibited females, 
paired ovary weights were not different, (5.3 + 9.21mg) and 
(4.5 + 0.66mg), respectively. This suggests the weight
difference associated with age in these population females 
did not affect their reproductive status. Uterine weights 
could also vary depending on whether or not females were 
cycling.
Experimental female organ weights can be divided into 
two groups, those of parous and nonparous females. The 
ovaries of parous experimental females tended to be larger 
(P < 0.08) than those of nonparous experimental females,
(11.0-18.2mg) versus (8.7-12.7mg), respectively. When this 
division by reproductive condition is considered, the paired 
ovary weights of parous experimental females were not 
significantly different from proven females, yet 
experimental nonparous females still had significantly 
(P < 0.04) larger ovaries than nonparous population females.
Uterine weights of recently parous experimental females 
were not significantly different from the proven group of 
animals. Nonparous experimental female uterine weights were 
not different from proven females but were significantly 
larger (P < 0.05) than population females. Large variances 
in uterine weights, especially those seen in proven females 
(range of 41.2 to 211.9mg) stem from the differences in the 
stage of estrus as revealed by vaginal smears (Appendix 3).
The lack of significant differences in the paired 
testis and seminal vesicle weights of proven males and 
population males possessing scrotal testes, as well as the 
absence of any significant difference in body weights, 
suggest no physiological differences in reproductive 
capabilities; histological evaluation of testes is needed to 
confirm this. The males with non-scrotal testes had 
reproductive organ weights similar to 70 day old inhibited 
population males reported by Ransone (1988). Body weights
were slightly heavier in the older males (18.0 + 0.75mg) of 
this study, than the 70 day old males (16.8 + 0.71mg). As 
with the reproductively inhibited females of this study, the 
slightly heavier weights associated with age did not 
influence the reproductive condition in these males. 
However, this does not eliminate the concept of a threshold 
weight necessary for reproductive function.
Ovarian histology
This is the first report of ovarian histology for 
nonparous females from populations of P. leucoous. 
Population females had fewer type 6 follicles than proven 
females; this report differs from P. maniculatus 
populations which have shown fewer type 6 follicles in 
population females than in controls (Bradley and Terman, 
1981c). The number of type 6 follicles was significantly 
correlated (P < 0.009; r=0.56) with paired ovary weight
suggesting that overall ovary size may be responsible for 
the difference seen. Since the range of experimental female 
ovary weights overlapped with both population females and 
controls this may explain the lack of significant difference 
seen between experimental females and the other treatments. 
The number of type 7 and 8 follicles did not differ 
significantly between any treatment groups and were 
relatively few in number overall. Corpora lutea were 
significantly lower in population females than in proven and 
experimental females. The high number of corpora lutea in 
proven females was probably the result of several
generations of corpora lutea accumulated over time; in 
contrast, the lower number of corpora lutea in experimental 
females may reflect the recent onset of ovulation. There 
was no overlap in the range of corpora lutea between 
population nonparous females and experimental females 
suggesting higher reproductive capabilities in experimental 
females. The number of corpora lutea in populations was 
significantly correlated with female age (P < 0.023; r=0.78) 
indicating older females were more likely to be ovulating 
than younger females, and not significantly correlated with 
weight. Records of these older females and lack of uterine 
scars indicate no history of pregnancy, suggesting that 
these females either had not achieved a physiological 
threshold for reproduction or that social factors within the 
population may be limiting their reproductive capacity. 
Also, mating and fertilization may have occurred in these 
ovulating nonparous females but eggs may have failed to 
implant as reported by Haigh et al. (1988) for young P. 
leucopus females housed with an adult female and male.
The category of "degenerating" follicles described 
earlier is similar to the atretic follicles described for 
Peromvscus maniculatus (Terman, 1973; Albertson et al. , 
1975). The designation of these follicles as "degenerating" 
and not as "atretic" was due to the lack of specific 
information on whether these elements were produced only by 
follicular atresia. Previous studies of P. maniculatus 
ovaries have counted atretic follicles only in the innermost
sections and not throughout the entire ovary and therefore 
comparisons between the two species cannot be made at this 
time.
Reproductive rate in experimental females
Three out of seven females became pregnant within 42 
days of pairing with a proven male. Evidenced by the 
evaluation of reproductive organs, the remaining four 
nonparous experimental females were more reproductively 
developed on average than their population controls. Terman 
(1973a) showed in P. maniculatus that varying amounts of 
time were needed for nonparous population females to be 
released from the inhibitory influence of the population. 
The rapid recovery of the three parous experimental females, 
given the average gestation period of 2 3 days for P. 
leucopus, suggests that these females may have been in 
various reproductive states at the onset of pairing. The 
three experimental females from population 7, which had 
totally ceased reproduction, did not get pregnant during the 
time paired. Only 1 out of 4 females from the other two 
populations which contolled growth partially by mortality of 
young did not get pregnant. This suggests that although 
external criteria for reproductive inhibition may have been 
identical among all the females, there may have been 
internal physiological differences. This is consistent with 
Terman (1987), who reported that in populations of P. 
maniculatus which controlled population growth only by 
cessation of reproduction there was only 1 female in 2 4
nonparous females ovulating, while 11 of 16 nonparous 
females were ovulating in populations which controlled 
growth also by mortality of young. Females which are 
ovulating within the population may recover more quickly 
when paired with a proven male than population females that 
are not ovulating. Terman (1973a) reported that nonparous 
population females of P. maniculatus paired with proven 
males required up to 200 days to reproduce. Reproductive 
recovery may be rapid for some animals, while others may 
need a longer period to reproductively mature.
At Tl, the body weights of the nonparous experimental 
females were noticeably lower than experimental females 
eventually achieving pregnancy. It is possible that there 
exists some incremental change in body weight that may be 
the difference between reproducing and not reproducing, and 
that nonparous experimental females did not achieve this 
threshold weight during the time paired.
Metabolic rate of experimental females at TO and Tl
Experimental females prior to pairing (TO) had 
significantly higher metabolic rates than they did six days 
after pairing at Tl. Metabolic rates of experimental 
females prior to pairing were significantly higher than the 
rates of proven females at any time measured. Experimental 
females, six days after pairing (Tl), had metabolic rates 
not significantly different from proven females.
Several interpretations of these results can be 
suggested. Farr and Andrews (1978) have shown that
subordinate males from "high" density populations (35 
mice/nr*) of P. maniculatus had an increased metabolic rate 
when compared with isolated controls; this elevated 
metabolic rate was observed with a decline in locomotion and 
feeding activity. However, in "low" density populations 
(21 mice/m*) metabolic rate was reduced in subordinate males 
of P. maniculatus. also along with reduced activity and 
feeding. The application of these observations to the 
present study are limited because of differences in species, 
sex, and the founding of populations; also, in the above 
study, no mention of ambient temperature, age, or 
reproductive conditions were made which would effect 
metabolic rate. However, experimental females in the 
present study prior to pairing, may have exhibited a similar 
metabolic response as those subordinate males from "high" 
density populations. The population densities for the P. 
leucopus in this study ranged from 6 to 16 mice/m2 and 
would be considered "low" density by the definitions of Farr 
and Andrews above, and therefore, experimental females would 
have been expected to exhibit a lower metabolic rate than 
observed. Also, the "relative" densities of population 
animals in both studies were unknown.
Consistent huddling behavior has been observed in 
laboratory populations of P. maniculatus (Terman, 1974) and 
P. leucopus (Wolfe, 1981) , and was observed for the three 
populations in this study. Possibly, large numbers of 
huddling animals at certain ambient temperatures may create
a warm microenvironment and elevate body temperatures to the 
extent that an increase in metabolism occurs. Brower and 
Cade (1966) reported the occurrence of substantially 
increased oxygen consumption in response to hyperthermia 
induced by high ambient temperatures in Peromvscus (for P. 
maniculatus a 100% increase in oxygen consumption between 
body temperatures of 39-4 0°C at temperatures immediately 
above the thermal neutral zone). Andrews and Belknap (1986) 
showed a slightly elevated increase in core body temperature 
in huddled pairs of P. maniculatus accompanied by a 
reduction in oxygen consumption at ambient temperatures 
from 21-26°C. Andrews and Belknap (1988) have shown a 
reduction in oxygen consumption and thermal conductance 
associated with huddling groups of two and three animals 
under thermal neutral temperatures (27 + 1°C) in P.
maniculatus; for groups of four huddling mice there were no 
further reductions in metabolism in the thermal neutral 
zone, yet, a further increase in core temperature was still 
observed. In contrast, Bradley (1988) showed no increase in 
core body temperatures in groups of up to ten huddled 
deermice compared with isolated animals maintained at 
temperatures below the thermal neutral zone (24.5 ± 1°C) . 
Photoperiod in the above reports were identical (14:10 
light/dark cycle)? possibly differences observed between 
reports of core body temperature in P. maniculatus in 
response to grouping may be explained by differences in the 
duration of cohabitation of animals, or by previous thermal
history (Hart, 1971). Also, Brower and Cade (1966) have 
shown a considerable rise in core body temperature within 
the thermal neutral zone, while core body temperatures at 
ambient temperatures immediately below the thermal neutral 
zone are fairly constant. Clarification of the effects 
huddling on oxygen consumption and core body temperature in 
various sized groups of mice under identical ambient 
temperatures and measurements of microenvironment 
temperatures are needed to make conclusions about huddling 
in relation to this study. Information is also needed about 
the sizes of huddles and duration of time spent the huddle 
by different animals.
Recent reports on thyroid condition in reproductively 
inhibited P. maniculatus and P. leucopus of both sexes from 
laboratory populations have shown reduced serum thyroid 
hormone concentrations (Peebles et al., 1984; Pitman and
Bradley, 1984; Peden, 1988). Rats with reduced thyroid 
function were shown to be able to tolerate heat better than 
rats with normal thyroid function (Fregley et al. , 1963).
In population animals of Peromvscus. thyroid hormones may 
drop in response to elevated body temperatures produced by 
excessive huddling.
Generally, acclimation to heat in rodents involves a 
reduction in basal metabolism and cellular processes, and a 
shifting of the thermal neutral zone to a higher level 
(reviewed by Hart, 1971; Cossins and Bowler, 1987). A 
reduction in thyroid hormone during heat acclimation has
been shown to accompany reduced metabolic rate (Fregley, 
1963). Lowered thyroid activity has been shown in desert 
rodents with lower metabolic rate (Yousef and Johnson, 
1975). In addition, Lynch et al. (1978) showed that thyroid 
blocked P. leucopus when compared to intact controls had a 
reduced resting metabolic rate in a 16:8 light/dark period. 
All these reports indicate a lowered basal metabolism 
accompanied by reduced thyroid function during prolonged 
heat exposure, therefore, the high metabolic rates seen in 
experimental females at time zero are unlikely to indicate 
heat stress. It is possible that experimental females may 
have been adapted to a warm microenvironment produced by 
huddling, and that upon removal to a relatively cooler 
microenvironment, they experienced an elevated metabolism 
which has been shown to be associated with exposure to cold 
(Hart, 1971).
Also, the elevated metabolic rate of experimental 
females may be an artifact of isolation and exposure to a 
novel environment. Experimental females were removed from 
their populations and housed alone for only one night prior 
to the initial metabolic measurement, while proven females 
had been isolated in cages for several months. The initial 
exposure to the metabolic chamber may have been a more novel 
or stressful experience for the population females than for 
proven females, and therefore elevated oxygen consumption in 
experimental females. Partial support for this idea is the 
observation that proven females as a group varied little
over time. Andrews (1978) showed elevated core body
temperatures in P. maniculatus males in response to a novel 
environment; such increases in body temperature would 
increase metabolism.
Influences on metabolic rates
Studies suggest a strong relationship of food intake, 
thyroid function, thermoregulatory abilities, and 
reproductive function which all influence metabolic rate. 
Terman (1974) reported a reduction in the number of food 
pellets consumed in P. maniculatus populations as they 
approached aymptote. A recent study by Gronin and Bradley 
(1988) showed a reduction in per capita food consumption 
over a 2 6-week period in laboratory populations of P. 
maniculatus in which huddling behavior was observed. 
Prychodkov (1958) showed a linear reduction in per capita 
food consumption which occurred with an increase in the 
number of huddled mice (Mus) in a cage. Also, Farr and 
Andrews (1978) showed a reduction in food intake of 
subordinate males in P. maniculatus populations regardless 
of "high" or "low” density. In rats, a decrease in thyroid 
function was caused by restricted food intake (Yousef and 
Johnson, 1968). Merson and Kirkpatrick (198 3) showed a 
reduction in reproductive organ development in P. leucopus 
females on a restricted diet. Huddling in population 
animals may reduce energy expenditure, reducing food intake, 
and result in reduced reproductive organ development.
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However, evidence for reduced metabolism was not 
clearly demonstrated in this study. This study shows no 
difference in the rate of oxygen consumption per gram of 
body weight between proven females and experimental females 
after pairing, and also between proven males and population 
males. The critical factor here may be the customary 
adjustment of absolute oxygen consumption by body weight.
The amount of energy required per gram of body tissue may be 
similar between proven and nonparous experimental females, 
however in most cases the amount of tissue present in 
reproductively inhibited animals was lower. Experimental 
females remaining nonparous during the time paired had lower 
body weights than those that did produce young (with one 
exception prior to pairing). Small increases in body weight 
not achieved by nonparous experimental females might cause 
the inhibition. This is supported by Cronin and Bradley 
(1988) who showed a mean body weight reduction in assembled 
populations of P. maniculatus by approximately 1.7 grams 
associated with a cessation of reproduction over a 26 week 
period. Conflicting with the notion of a critical body 
weight is the fact that the body weights of proven animals, 
although on average were higher, were not significantly 
different from experimental females prior to pairing. Two 
proven animals consistently showed weights similar to those 
of nonreproducing experimental females. It is possible that 
the several month isolation of proven females from males 
could depress their body weights to the observed levels.
Also, it is not known what the body weights of proven 
females were prior to the onset of their first pregnancy. 
It is possible that the body weight requirements for 
population animals may be more restrictive due to energy 
demands in the population context.
Twenty hour totals of oxygen consumption values not 
corrected for weight, demonstrated the elevated metabolic 
rate associated with pregnancy in experimental females. 
However, there are no striking differences in these twenty 
hour totals between nonparous females and provens other 
than what appears to be a larger amount of variation between 
measurements within each experimental female. This larger 
amount of variation could be associated with changes 
occurring in the body as energy is being shifted to 
reproductive organ growth.
Future work
Evaluation of assembled populations with implants that 
can continuously monitor core body temperature in huddling 
mice might clarify the energetic demands on population 
animals. Metabolic measurement of groups of mice from 
populations may give a better indicator of energy demand. 
Also, it needs to be demonstrated that metabolic responses 
seen by population animals during their first exposure to 
the metabolic chamber are not artifacts of handling stress 
or exposure to a novel environment.
Measurement of thyroid hormones in older animals of P. 
leucopus may clarify if there is a reduced thyroid function
in older animals. Inhibited population females of P.
leucopus at 70 days of age showed only a 5% reduction in 
total serum thyroxine when compared with same-aged nonparous 
controls (Peden, 1988), whereas P. maniculatus inhibited 
females (123+3 days of age) showed a 16% reduction compared 
with proven controls (120+2 days of age) (Peebles et al. . 
1984) and a 35% reduction compared with nonparous controls 
of approximately the same age (Pitman and Bradley, 1984). 
Free serum thyroxine in P. leucopus was 20% lower in 
inhibited population females 70 days of age than nonparous 
controls (Peden, 1988). The observed thyroid differences 
could also be due to basic differences between the two 
species.
Observations on behavioral patterns of P. leucopus 
population animals are needed to show if food intake is 
restricted in population animals and if reproductively 
inhibited animals consume less food than reproductively 
active population animals. Evaluation of the time spent 
huddling in reproductively active versus inhibited 
population animals could clarify the role of huddling. 
Those previously inhibited population animals that become 
reproductively active may huddle less or consume more food 
prior to becoming reproductively capable. These huddling 
parameters should be systematically evaluated along with the 
mechanism of growth control in each population.
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Reproductive behavior should also be recorded to see if 
all males with scrotal testes mate and to determine why some 
population females that are ovulating remain nonparous.
Variations in metabolic rate
Variable vaginal smear patterns have been observed for 
P. maniculatus (Bradley and Terman, 1979) and P. leucopus 
(Dewsbury et al. , 1977) , thus smears in this study can be
used to explain some of the variation seen between animals, 
rather than an index of reproductive condition. Differences 
in the lengths of cycles would cause the same animal to be 
in different stages of estrus on subsequent days of 
metabolic measurements. In fact, animals were in different 
stages of the estrus cycle at sacrifice and this probably 
accounted for some of the variation between animals.
Activity levels of animals as measured by peaks in 
oxygen consumption also differed dramatically (see Appendix 
1) . Animals with sustained activity periods (examples are 
proven animals 4 and 8 ) in the dark period had higher HMR 
averages and higher daily totals. Activity levels are known 
to increase oxygen consumption in rodents (Hart, 1971). LMR 
averages were more uniform among animals, presumably because 
this measurement reflected a resting metabolic rate.
Shifts observed in the daily metabolic cycles of 
experimental females over time may be partially explained by 
being paired with a male. Andrews (1978) showed • the
presence of a second animal can alter the daily metabolic 
cycle of the first.
From the data observed in this study, variations in the 
individual daily cycles of metabolic rate may account for 
discrepancies in reports of metabolic rates. As in this 
study, several other studies have shown a difference in the 
metabolic rate during the light and dark periods (Heusner et 
al., (1971); Sheffield and Andrews, 1980? Andrews and
Belknap, 1985). Also, as in this study, Huesner et al. 
(1971) showed variations within the light and dark periods 
in Peromvscus. The data in this study also suggest 
differences in metabolic responses due to the previous 
environment of the animal; for example, population females 
at time zero may have experienced more handling stress than 
proven females. In future studies, caution should be taken 
in reporting active metabolic rates based on a limited 
sampling time and without adjusting for cycles. Caution 
should also be taken in measuring parameters such as hormone 
concentrations that are affected by differences in daily 
metabolic rhythms.
Conclusions
Nonparous females from populations of P. leucopus did 
not have a significantly lower mean oxygen consumption rate 
as expected from reports of reduced serum thyroid hormones 
in both P. leucopus and P. maniculatus and reports of 
reduced food consumption in P. maniculatus. In fact, 
population females as a group had a significantly higher 
metabolic rate compared with proven females. After removal 
from the population and pairing with a proven male 
experimental females had metabolic rates not different from 
proven females. Whether the elevated metabolic rates in 
population females prior to pairing was due to a 
physiological state produced in the population, by removal 
from the population, or by exposure to a novel environment 
is not clear. Population males with scrotal or non-scrotal 
testes had oxygen consumption rates not significantly 
different per gram from proven males. This study gives rise 
to the questions about the degree of inhibition of these 
males, as well as the nature of thyroid hormone levels in 
older animals of P. leucopus.
This study did demonstrate that a great deal of 
variability exists in cycles of metabolic activity within 
and between animals of P. leucopus. and that future studies 
should consider individual variations when comparing 
metabolic rates. Also, it was confirmed that animals had a
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higher metabolic rate during the dark period when compared 
to the light period. An elevation in total oxygen consumed 
was demonstrated for experimental females during pregnancy.
Population nonparous females of P. leucopus age range 
of 154 to 479 days as a group did not differ in body weight 
from proven females, but still showed a similar degree of 
reproductive organ inhibition as 7 0 day old nonparous 
females of P. leucopus populations reported by Ransone 
(1988). This shows that reproductive inhibition in
laboratory populations of P. leucopus can be of long 
duration.
Nonparous population females of P. leucopus (age range 
2 65 to 341 days at pairing) removed from the population and 
paired with a proven male showed evidence of reproductive 
recovery within 42 days. Three females out of seven became 
pregnant (42.9%) with 2 delivering litters. This value is 
slightly lower than the 52% reported by Terman (1973a) for 
nonparous females of P. maniculatus (age range 128-645 
days). The four females that remained nonparous did gain 
weight during the time paired and showed ovary weights 
intermediate between that of population nonparous females 
and proven females. Experimental nonparous females also 
showed significantly more corpora lutea than population 
inhibited females. This shows that the population context 
is responsible for the reproductive inhibition previously 
observed in these females.
This study indicates a difference in the extent of 
reproductive inhibition between populations of P. leucopus 
and P. maniculatus. The asymptotic populations of P. 
leucopus in this study had more than three times the number 
of parous female offspring when compared with laboratory 
populations of P. maniculatus (Terman, 1965, 1975b). Also
population males of P. leucopus showed a much lower level of 
reproductive inhibition when compared with the inhibition 
reported earlier in P. maniculatus population males. Thus, 
although many qualitative aspects of the reproductive 
inhibition seen in P. maniculatus and P. leucopus laboratory 
populations are similar, the long-term control of population 
growth may differ and further behavioral and physiological 
studies are needed to understand these differences.
APPENDIX 1.
Individual oxygen consumption data for proven males, 
population males, proven females, and experimental females.
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13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
■e- J4
EXPERIMENTAL FEMALE 2
T5
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
) n.i i j it i.i 11111 i 111111 m 111111111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5 :40 7:20 9:00
TIME(h)
T5
EXPERIMENTAL FEMALE 2
T6
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
q  j i i i i i n i i |   i i  |  i i i | i n  | i i i i i i [ i i | i i i i n  i i i | i i   1...................1 ..................[ 111111111[ 11i i 11n11111n1111
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T6
EXPERIMENTAL FEMALE 2
T7
ml 02 /K g /h r  (thousands)
6
5
4
3
2
1
q  [ m i  | i i i i i i i i i | i i i i i i i i i [ i i i i i i i i i | i i i  i j  i i i | i i m i i i i | i i i M i i i i | i m i n i i j i i m i i i i | t i m m n i i i i i i i i i
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
■a -  J 7
power out  0 :10- 0 6 :10h
EXPERIMENTAL FEMALE 2 
T8
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
miiiiiim u m0
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T8
EXPERIMENTAL FEMALE 3
TO (prior to pairing)
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
TO
EXPERIMENTAL FEMALE 3
T1
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
I LL0
13:00 14:40 16:20 18:00 19:40 21:20 23:0.0 0:40 2:20 4 :00 5 :40 7:20 9:00
TIME(h)
T1
EXPERIMENTAL FEMALE 3
T2
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
Minim0
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5 :40 7:20 9:00
TIME(h)
+ -  T2
CO 
o
EXPERIMENTAL FEMALE 3
T3
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
T!ME(h)
* -  T 3
po ss ib le  mechan i ca l  f a i l ure
EXPERIMENTAL FEMALE 3
T4
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q  [ l l l l l l l l l | l l l l l l l l l |  I l l | l l  I | l l l  1 1 ...................... | I i M  I M H  j    1 1 1 11 11 I 11 111 I M  1111 1 1 [ 1 1 1 1 11 I 11 1 1 1 11 L l l t l
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4 :00 5 :40 7:20 9:00
TIME(h)
■e- T 4
po ss i b l e  mechan ica l  f a i l ure
EXPERIMENTAL FEMALE 3
T5
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
t
Q  | I 111 I Ii 111 I I I I I I I 1 1 1 1 1  111 I I I I 1 1 I I  | I I I  I I I I I I 1 1  I I I 11 I I I | I  I 11 11 I I I 1 111 III I 1 1 | I I I  I 1 1 i 1 1 | 1 1  It 1 1 ! 1 1 [ I 1 1 1 1 1  1 1 1 [ I 1 1 1 1 1 1  I L
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T5
EXPERIMENTAL FEMALE 3
T6
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
q  1111111i.n|nilii111|
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
inm ii
TIME(h)
■*“  T6
EXPERIMENTAL FEMALE 3
T7
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1 1 1 1 1 1 1 1 1 1 1 1  i i 1 1 1 1 1O F
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
-a- T7
EXPERIMENTAL FEMALE 3
T8
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
T 8
EXPERIMENTAL FEMALE 4
TO (prior to pairing)
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
Q  [ l l l l l l l l l | l l l l l l l l l | l l l l l l l [ l | l l l l l l l l l |
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
nii|iii | h m 11111 mi| [iiiiinii
TIME(h)
TO
EXPERIMENTAL FEMALE 4
T1
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q  [ I I I !  | .............. I l l | l l l l l l l l l j l l l l l l l l l | l l l ..................| l
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T1
EXPERIMENTAL FEMALE 4
T2
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
ini0
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(2)
T2
EXPERIMENTAL FEMALE 4
T3
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
1 i 1111111111111111111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T 3
CO
 
o
EXPERIMENTAL FEMALE 4
T4
ml 02 /K g /h r  (thousands)
6
5
4
3
2
1
:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5 :40 7:20 9:00
TIME(h)
■e- J 4
p o s s ib le  m echan ica l fa i lu re
EXPERIMENTAL FEMALE 4
T5
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
q  i i i  1 1 1 1 1 1 1 1 1 1 1 1 1 1  n  11111 i n i  i j 11 n  i m  11111111 i n  j 11111 m  111111 n  i n  i j m  111111 j n  11 1111 i j i  111 m  11 11111111 n  j 11111 n  11
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T5
EXPERIMENTAL FEMALE 4
T6
ml 0 2/Kg/hr (thousands)
7
a
5
4
3
2
1
q  1 1 1 1 11111 j 11 1  n  it n _ j i i  i m  1111 j i ii 11 m  1111 n  \ 1111111 n u m . |  n _ i n i  111 j i n  i m i  i j 111111111 j 11111 m  i j 111 m  111
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
T6
EXPERIMENTAL FEMALE 4
T7
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
Q  | l l l l l l l l l | l l l l l l l l l | l l l l l l l l l | l l l l l l l [ l | l l l l l l l l [ | . . . . . . . j . . . . I I 1 | I I I I I I I I I | I I I M  I I I 1 |  . . . . 1 1 I | I 1 I I I I I I I | . . . . . . .
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T7
EXPERIMENTAL FEMALE 4
T8
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
1111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T 8
EXPERIMENTAL FEMALE 5
TO (prior to pairing)
ml 02 /K g /h r  (thousands)
10
8
6
4
2
Q   I l l l | l l l l l i l l l | l l l l l l l l l | ................ I l | l l l l l l l l l |  I l i | l l l l l l l l l | l l l l l l l l l | [ l l l l l l l l [ l l l l l l l l l | l l l [  | I I  I I I  I I  I I
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
TO
EXPERIMENTAL FEMALE 5
T1
ml 02 /K g /h r  (thousands)
5 -
Q  | l l l l l l l l l | l l l ........ | I 1 ......................I | l [ l l l l l l l | l ......................| .................. I [ i l l [ l l l l l | l l l l l l l l l | l l l l l l l l l | l l l l l l l l l | [ l l .................. I | l l l l l l l l l
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T1
EXPERIMENTAL FEMALE 5
T2
ml 02 /K g /h r  (thousands)
6
5
4
3
2
1
11 n 1111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
■*— T2
EXPERIMENTAL FEMALE 5
T3
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T3
EXPERIMENTAL FEMALE 5
T4
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
j 111111111 j  ..[ [ 1 i 1111q [m iiniij
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0:40 2:20 4:00 5:40 7:20 9:00
| i i i i i im | i i i i i i i i i | i i i i in ii[
TIME(h)
■e- j  4
EXPERIMENTAL FEMALE 5
T5
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q  | l l l l l l l l l | l l l l l l l l l | l l l l l l l l [ [ l l l l l l l l l | l l l l l l l l l | l l l l l l l l l | l ..................... | I I I I I I  I I  I | l  I I I I I  I l l | l  I I I  111 I I  | l l l l  I I I I I | I I I I  I I  I I 1
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T5
EXPERIMENTAL FEMALE 5
T6
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
q  [ill! I I I I 1| I  I I I  Mil I | I mini I | I  I I I | I I I I I I I I I | ....................... | I I I I I I I [ | | I I I I I I I I 1| I I I I I I I I I | I I I I I I I I I | I I .............. .....11i i i  i i i n
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T6
EXPERIMENTAL FEMALE 5
T7
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T7
EXPERIMENTAL FEMALE 5
T8
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
.0
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
* -  T8
EXPERIMENTAL FEMALE 6
TO (prior to pairing)
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
1111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
TO
EXPERIMENTAL FEMALE 6
T1
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q  | I  I I | I I I I I I I I I j I I I I I I I I I | I I I I I I I I I | I I I  | I I I I I I I I I | I I I I I I I H  j H  I I I  I I I I | I I I I I I I I I | I I I I I l I 11 | I I I I  [ I I I I  | I I I I 1 I 1 11.
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T1
EXPERIMENTAL FEMALE 6
T2
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
q  pin 11111111111 j 1111    1  ............. 1111111111111111111111111111111.................    1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......................... 111111111111 n  1111111     
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
■<— T2
EXPERIMENTAL FEMALE 6
T3
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
11110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4 :00 5 :40 7:20 9:00
TIME(h)
* -  T 3
EXPERIMENTAL FEMALE 6
T4
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
i m i i  j 1 1 1 1 1 1 1 1 1 1 1 i  m  i n  1 1 1 i i i 1 1 1 1 1 1Q | I I I I I I I I I | I I I I I I I I I | I I I I I I I I I | I I I I I I I I I [ I I I I [ I I I M II I I |
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
43- J 4
EXPERIMENTAL FEMALE 6
T5
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q | I I  I I I  I I I  I | ................... I | l l l ............. I | l ............. I I I | I I I I I I I I I | ......................... | .........................| l l l l l l l l l | l l l l l l l l l | l l l l l l l l l | l l l l l l l l l | l l l l l l l l l
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
* -  T5
EXPERIMENTAL FEMALE 6
T6
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
11111111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T6
power ou t 16:00-16:40h
EXPERIMENTAL FEMALE 6
T7
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
17
EXPERIMENTAL FEMALE 6
T8
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
11111111 110
13:00 14:40 16:20 18:00 19:40 21 :2023 :00  0:40 2:20 4 :00 5 :40 7:20 9:00
TIME(h)
T8
s en s o r s  not  ca l i b ra ted
EXPERIMENTAL FEMALE 7
TO (prior to pairing)
ml 0 2 /K g /h r  (thousands)
6
5
4
3
2
1
1111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
TO
EXPERIMENTAL FEMALE 7
T1
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
1111111110
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T1
EXPERIMENTAL FEMALE 7
T2
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
...ijiniq  | i i i i i n i i | i i n n
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
+ -  T2
EXPERIMENTAL FEMALE 7
T3
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
q  | i i i i  | ..................| i i ...........i i | .......... i n i | i i ............... | ...........i i i i | i i i i i i i i i | i i ............. i | ..................... [ i i i i i i i i i | i i i m i i i | i i i i i i m
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0 :40 2:20 4 :00 5 :40 7:20 9 :00 ;
TIME(h)
* -  T 3
EXPERIMENTAL FEMALE 7
T4
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
i n i i i | .............. | i m i i i i iM i l l0
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
■a- T 4
EXPERIMENTAL FEMALE 7
T5
ml 02 /K g /h r  (thousands)
6
5
4
3
2
1 1 1 111 t |  I I 1 | I 11 I I H I I0
13:00 14:40 16:20 18:00 19:40 21:20 23:00  0:40 2:20 4:00 6 :40 7:20 9:00
TIME(h)
* -  T5
EXPERIMENTAL FEMALE 7
T6
ml 02 /K g /h r  (thousands)
7
6
5
4
3
2
1
0
13:00 14:40 16:20 18:00 19:40 21:20 23 :00  0:40 2:20 4 :00 5:40 7:20 9:00
TIME(h)
T6
EXPERIMENTAL FEMALE 7
T7
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
Q  II I  III II I | I I I I I I III | . . . . . . I | . . . . I I II | I I ..................| I I II I I II i | II I III I II | I I I I I I I I I  | I II I  I III I | 1 1 I H I  I I I  | I I I I I I  I I I  j I I 1 1 11.1 1 I .
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0:40 2:20 4:00 5:40 7:20 9:00
TIME(h)
■A~ T7
s e n s o r s  not  ca l i b ra ted
EXPERIMENTAL FEMALE 7
T8
ml 0 2 /K g /h r  (thousands)
7
6
5
4
3
2
1
m i n i  n | I I 11 111 11 j-l 1 1 1 LLLq  |_ L I1 L 11 1 1 1 |  1 1 1 1 1 I I 1 11 11 11 11 11 1 [ 1111 11 11 1 [ 1111111 11 111 11 11 I 11 111
13:00 14:40 16:20 18:00 19:40 21:20 23:00 0 :40 2:20 4:00 5:40 7:20 9:00
TIME(h)
T8
s en s o r s  not  ca l i b ra ted
APPENDIX 2.
Individual sorted daily oxygen consumption data for 
experimental females.
EXPERIMENTAL FEMALE 1
SORTED DATA FOR T1-T8
ml 02/Kg/hr (thousands)
____ i_____i____ i____ i____ i____ i____ i____ i____ i---- 1---- 1----
1 11 21 31 41 51 61 71 81 91 101 111 121
sample number
—  T 1 —I— T2 T3 - B -  T4 T5 T6 17 T8
Reproductive condition:
TO: Imperforate 
T1: Imperforate 
T2: Imperforate 
T3: Imperforate 
T4: Imperforate 
T5: Imperforate 
T6 : Imperforate 
T7: Imperforate 
T8 : Imperforate
EXPERIMENTAL FEMALE 2
SORTED DATA FOR T1-T6, T8
ml 02/Kg/hr (thousands)
91 101 111 1218161 7161413121111
sample number
—  T1 —t— T2 T 3 - S - T 4  T 5  T 6  T8
T 3 possible m echanical failure
Reproductive condition:
TO: Imperforate
T1: Early pregnancy
T2: Pregnant
T3: Pregnant
T4: Pregnant
T5: Giving birth
T6 : Imperforate, prominent nipples 
T7: Imperforate, prominent nipples 
T8 : Imperforate
EXPERIMENTAL FEMALE 3
SORTED DATA FOR T1-T8
ml 02/Kg/hr (thousands)
91 101 111 12181716151413121111
sample number
—  T1 —I— T2 - * - T 3  - B" T 4  T 5  - 0 -  T6 T7 T8
T 3 and T4 possible m echanical failure
Reproductive condition:
TO: Imperforate 
T1: Imperforate 
T2: Imperforate 
T3: Imperforate 
T4: Imperforate 
T5: Imperforate 
T6 : Imperforate 
T7: Imperforate 
T8 : Imperforate
EXPERIMENTAL FEMALE 4
SORTED DATA FOR T1-T8
ml 02/Kg/hr (thousands)
7 
6 
5 
4 
3 
2 
1 
0
1 11 21 31 41 51 61 71 81 91 101 111 121
sample number
—  T1 “ I— T2 T3 - 3 -  T 4 T5 - 0 -  T 6  T7 T 8
T4 possible m echanical failure
J______ L J______ I______ I______ I______ L
Reproductive condition:
TO: Imperforate 
Tl: Imperforate 
T2: Imperforate 
T3: Imperforate 
T4: Imperforate 
T5: Imperforate 
T6 : Imperforate 
T7: Imperforate 
T8 : Imperforate
EXPERIMENTAL FEMALE 5
SORTED DATA FOR T1-T8
ml 02/Kg/hr (thousands)
1 11 21 31 41 51 61 71 81 91 101 111 121
sample number
——  T 1 - + -  T2 T 3  - B -  T4 T5 T6 T7 T8
Reproductive condition:
TO: Imperforate 
T1: Imperforate 
T2: Imperforate 
T3: Imperforate 
T4: Imperforate 
T5: Imperforate 
T6 : Imperforate 
T7: Imperforate 
T8 : Imperforate
EXPERIMENTAL FEMALE 6
SORTED DATA FOR T1-T8
7 
6 
5 
4 
3 
2 
1 
0
1 11 21 31 41 51 61 71 81 91 101 111 121
sample number
—  T 1 —I— T2 T3 - a -  T4 T5 - 0 -  T6 T7 T8
T8 sensors not calib ra ted
ml 02/Kg/hr (thousands)
Reproductive condition:
TO: Imperforate 
T1: Imperforate 
T2: Imperforate
T3: Imperforate, prominent nipples 
T4: Imperforate, prominent nipples 
T5: Perforate, prominent nipples 
T6 : Perforate, prominent nipples 
T7: Perforate 
T8 : Perforate
EXPERIMENTAL FEMALE 7
SORTED DATA FOR T1-T8
ml 02/Kg/hr (thousands)
91 101 111 1218151 61 714131211 11
sample number
—  J1 “ I— T2 T3 - B -  T4 T5 T6 T7 T8
T7 and T 8  sensors not calibrated
Reproduct ive cond11ion:
TO: Imperforate
Tl: Imperforate
T2: Perforate
T3: Perforate
T4: Early pregnancy
T5: Pregnant
T6 : Pregnant
T7: Pregnant
T8 : Lactating 1 day
Appendix 3. Vaginal smear cell types, probable stage of 
estrus, and uterine weights for proven and experimental 
females.
Female 
ID #
Vaginal Smear 
Cell Types
Probable Estrus 
Stage
Uterine
Weight
(grams)
Proven
1-1B
1-6B
1-12B
1-15B
1-16B
1-17B
1-19B
1-38B
E++, few C, L+ 
E+ , few C, L+
E+ C+ , L 
E+ , L+
E+++, few C, L+ 
E+ , C++ L 
E++, L+ , few C 
C++, few L
Diestrus
Diestrus
Metestrus
Proestrus
Diestrus
Metestrus
Diestrous
Estrus
41.2 
126.8 
193.7
61.3 
67.1
114.0
95.3 
211.9
Experimental
726
328
722
330
724
848
836
E+ ,C+ ,L 
E+ , C 
E++.C
E+ , few C
E+++'
E+++
E+++, few L
Metestrus
Proestrus
Late proestrus
Proestrus
Proestrus
Proestrus
Pregnant
73.4
153.7
111.7 
32.2 
46.0 
77.7
153.7
Symbols: E = Epithelial cells
C = Cornified or squamous epithelial cells 
L = Leukocytes 
+ = Relative number
Appendix 4. Twenty hour total oxygen consumption values and 
body weights of proven and experimental females. Oxygen 
consumption totals are not adjusted for body weight.
Proven females
ml 0 2/20 hr 
body weight (g)
TO
DAY 
T1 T2 T3
1 1423 1560 1506 1016
20.7 20.0 19.9 20.2
2 1438 1303 1354 1344
21.0 21.3 22.2 22.9
3 1350 1295 1322 1274
17.6 18.3 18.1 17.8
4 2495 2799 2329 2601
35.7 34.6 35.7 35.3
5 ==== 1638 1293 1144
23.5 25.0 24.5 24.4
6 1357 1359 1341 1321
24.7 24.1 22.8 23.2
7 1366 1331 1329 1407
23.2 23.0 21.4 20.9
8 2122 2161 1650 2075
22.4 22.4 22.2 22.2
Appendix 4 con't. Twenty hour total oxygen consumption 
values and body weights of proven and experimental females. 
Oxygen consumption totals are not adjusted for body weight.
Experimental females
ml O2/2 0 hr 
body weight
(g)
TO T1 T2 T3
DAY
T4 T5 T6 T7 T8
1 1642
17.9
1119
18.8
1505
19.1
1295
19.0
1475
19.0
1339
18.9
1536
19.4
1557
19.1
1568
19.1
2 1963
25.0
1300
23.4
1860
22.9 25.3
2088
28.0
2207
28.3
1726
22.4 20.7
1421
21.1
3 1513
16.8
1374
17.7
1380
17.8 17.4 17.6
1478
18.2
1416
18.2
1542
18.2
1356 
18.1
4 1737
22.0
1499
19.5
1333
19.6
1438
19.7 19.0
1380
19.1
1513
19.7
1374
20.2
1364
20.7
5 2255
18.7
1632
18.4
1424
18.6
1631
18.4
1414
18.7
1611
18.8
1667
19.0
1677
19.0
1580
19.3
6 1904
24.1
2081
28.4
1976
28.0
2150
25.9
1820
25.9
1956
26.8
1463 
26.1
1609
26.3
1762
25.6
7 1731
21.0
1638
21.7
1796
23.0
1816
22.9
1829
21.6
1864
21.9
1718
24.3 29.0
2223
25.0
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